tive lag and myopia progression were performed under monocular conditions or with refractive errors of the subjects fully corrected by soft contact lenses. 6, [10] [11] [12] [13] These procedures seem reasonable when interpreting the results. However, accommodative responses were influenced by individual heterophoria under binocular conditions. 14, 15 For subjects who usually used spectacles, the contact lenses introduced alterations in the perceptual target size and brightness, which probably influenced the subject's accommodative responses. Therefore, characteristics of the accommodative lags reported under these experimental conditions do not necessarily represent real-life conditions.
In this study, we tried to clarify whether myopic children have larger lags of accommodation than emmetropic children under binocular viewing conditions with fully correcting or habitually used glasses and to determine clinical factors affecting the lags of accommodation in these children.
Subjects and Methods

Subjects
The subjects were 79 children (35 boys and 44 girls) without any ophthalmological or neurological disease except ametropia. All were Japanese, and their ages ranged from 6 to 12 years. Best-corrected visual acuity in all subjects was equal to or better than 1.0. Exclusion criteria were astigmatism of more than 1.50 D, anisometria of more than 1.00 D, high myopia of more than -6.50 D, and use of contact lenses.
From the participants of the Myopia Control Trial with Progressive Addition Lenses in Japanese Schoolchildren, held at Okayama University Hospital 16 (the baseline measurements were performed from July 2002 through June 2003), 61 myopic children were recruited and assigned to the early-onset myopia (EOM) group (myopia onset at 13 years of age or earlier). Thirty-nine (64%) of the children were using spectacles in daily life. As controls, 18 emmetropic children were recruited at the annual health examination of the primary school attached to the Faculty of Education, Okayama University, and assigned to the emmetropia (EMME) group.
In accordance with the Declaration of Helsinki, after an explanation about the nature and the target results of this research, written consent was obtained from both participants and their guardians.
Measurement of Accommodative Responses
Accommodative responses were measured using an openfield infrared autorefractometer, WV-500 (Grand Seiko, Fukuyama, Japan). This device has been reported to be highly reliable in previous clinical studies. 15, [17] [18] [19] A highcontrast (>90%) Maltese cross (15 ¥ 15 mm) printed on 35-mm-slide film was used as an accommodative target. The slide was illuminated from the back (50 cd/m 2 ) and could be moved back and forth along a sliding track. Only the right eye was measured while the subject focused on the target placed at a distance of 50.5, 32.5, 20.9, or 16.0 cm in front of the right eye (corresponding to an accommodative demand of 1.98, 3.08, 4.78, or 6.25 D). Owing to the asymmetric placement of the target, the difference in the accommodative demand between the two eyes increased as the target moved closer to the test eye. For an interpupillary distance of 64 mm, the accommodative demand for the left eye would be lower than that for the right (test) eye by 0%, 3%, 4%, or 7% when the target was placed 50.5, 32.5, 20.9, or 16.0 cm, respectively, from the right eye.
For the EOM group, accommodative responses were measured through fully correcting glasses and subjectively determined with a duochrome test at 500 cm. In 33 of the myopic children who wore spectacles in daily life, accommodative responses were also measured through these spectacles (this was performed for only the targets at 50.5 and 20.9 cm distance). For the EMME group, accommodative responses were measured without spectacle correction.
During the measurement, the subjects were asked to keep the target as clearly in sight as possible. The WV-500 instrument evaluated refractive values within a 2.3-mmdiameter range, and there were no subjects in whom measurement became difficult due to miosis.The averaged value of five readings was used as the representative value for subsequent statistical analysis. Analysis of variance (ANOVA), a paired t test, and an unpaired t test were performed, with the significance level set at 0.05. Pearson's correlation coefficients were calculated to determine the degree of linear relationship between two variables.
Correction of Optical Error Derived from Back Vertex Distance and Residual Refractive Error
Even when the target distance was the same, the accommodative demand for clear vision differed according to (1) the degree of refractive error, (2) the power of the correcting lens, and (3) the back vertex distance of the correcting lens. Therefore, we corrected optical biases due to the use of glasses with equations (1) and (2). 
Measurement of Heterophoria
Through the fully correcting glasses, heterophoric angles were measured with the alternate prism cover test, for an accommodative target at distances of 30 and 500 cm.
Results
Clinical characteristics of the EOM and EMME groups are shown in Table 1 . There was no significant difference between the groups with respect to mean age, the mean amount of astigmatism, or the mean near-phoria angles.
The relationship between the effective accommodative demand and the response is shown in Fig. 1 . With an increase in the accommodative demand, the accommodative response was proportionately degraded, and the difference between the accommodative demand and response, that is, the accommodative lag, increased. When the EOM and EMME groups were compared, the mean (±SD) accommodative response gradient (slope) was significantly flatter in the EOM group than in the EMME group (P < 0.001, unpaired t test), indicating poor accommodative responses in the EOM group. Additionally, the accommodative responses for each target differed widely among subjects in the EOM group.
The effective accommodative demand and the corresponding accommodative lags for each target are shown in Table 2 . ANOVA indicated that the effective accommodative demand did not differ between the EOM and EMME groups, but accommodative lags were significantly larger for EOM, early-onset myopia; EMME, emmetropia; PD, prism diopters; n.a: not available; n.s, not significant. the EOM group than for the EMME group (P < 0.01). With fully correcting spectacles and habitually used spectacles, a significant difference was found in effective accommodative demand for the targets at both 50.5 and 20.9 cm. This result is because most habitually worn spectacles had a considerable undercorrection [mean ± SD undercorrection (spherical equivalent): -1.40 ± 0.47 D and -1.39 ± 0.44 D for the right and left eyes, respectively]. ANOVA also indicated that the mean accommodation lag through the habitually used spectacles was smaller than that through the fully correcting spectacles (P < 0.01). Figure 2 shows the relationships between accommodative lag and mean residual refractive errors (spherical equivalent) of the two eyes when the myopic children (n = 33) viewed the targets at 50.5 and 20.9 cm through habitually worn spectacles; the lag of accommodation was also calculated with equations (1) and (2). We excluded subjects from this analysis who showed a difference between the two eyes larger than 0.50 D in the residual refractive error. When the residual refractive errors after correction with habitually worn glasses differed between the two eyes, accommodative demand was not equal between the eyes. If the difference was small, anisoaccommodation probably compensated for this, 20 but a large difference could bias the accommodative responses in the test eye. For both targets, a significant positive correlation was found, indicating that lags of accommodation increased as undercorrection of the habitually used spectacles became greater. Figure 3 shows the relationship between accommodative lags for the 32.5-cm target and near-point phoria in the EOM group. Myopic children who had larger near-point exophoria tended to have a smaller lag of accommodation (y = 0.0216x + 1.65, R 2 = 0.086, P < 0.05).
Discussion
The results of this study indicate that, under binocular conditions, the EOM group showed poorer accommodative responses and larger accommodative lags than the EMME group when their refractive errors were fully corrected. These findings are consistent with the working hypothesis that an accommodative lag during near work is a precursor to myopia progression in children. 
6-8
Comparison of the Accommodative Response Gradient Between the EOM and EMME Groups
Accommodative responses observed under binocular conditions generally agreed with those obtained under the monocular conditions, as reported by Gwiazda et al. 6 For the EMME group, the accommodative response gradient in our study was 0.89 D/D and was equal to their corresponding value. For the EOM group, our accommodative response gradient (0.71 D/D) was slightly smaller than their corresponding value (0.78 D/D). In addition, we found large intersubject differences in the accommodative responses in the EOM group.
Gwiazda et al. 6 used four different methods of accommodative stimulation and found the flattest accommodative response gradient, as well as a large intersubject difference in the responses, with the negative-lens-induced blur series. The spectacles that our myopic children habitually wore were undercorrected by 1.40 D on average. This undercorrection is because most Japanese ophthalmologists like to prescribe spectacles with some undercorrection for myopic patients to prevent excessive accommodative demand at near viewing. When fully correcting glasses are initially prescribed, they become undercorrecting when the myopia progresses. Therefore, to fully correct their refractive error, we needed to add supplementary negative lens powers. Probably, such lenses introduced changes in the perceptual target size (looming) and brightness, similar to the effects of the negative-lens blur series in the experiment of Gwiazda et al., 6 which affected the accommodative responses. As a result, the lags of accommodation became very large and varied widely among the children (1.25-2.44 D).
It is well known that, after continuous near work, tonic accommodation increases so as to reduce the lag of accommodation (near-viewing aftereffect, or accommodative adaptation). 1, 2, 21 Similarly, it is possible that the accommodation and vergence control systems gradually reduce the large lag of accommodation induced by fully correcting spectacles. 14 We need further study to confirm this.
Lag of Accommodation When Wearing Habitual Spectacles
Lags of accommodation when the children wore habitual, or undercorrecting, spectacles (0.40 and 0.99 D for 50.5-cm and 20.9-cm targets, respectively) were smaller than those when they wore fully correcting glasses in the EOM group and were comparable to those in the EMME group. As shown in Table 2 , accommodative demand for a given target became smaller individually by the amount of spectacle undercorrection. In theory, the lag of accommodation increases as accommodative demand increases with a pivot in the tonic accommodation. 14 Hence, it is not surprising that spectacle undercorrection reduces the lag of accommodation and, conversely, improves accommodative accuracy for near targets.
Relationship Between Spectacle Undercorrection and Lag of Accommodation
The influence of spectacle undercorrection on lags of accommodation is demonstrated more clearly in Fig. 2 . The residual refractive errors (spherical equivalent) after correction with habitually worn spectacles positively correlated with accommodative lags. For 50.5-cm and 20.9-cm targets, when the residual refractive error is -2 D and -5 D, respectively, no accommodative effort is required for clear vision, and, as a result, no accommodative lag occurs. Both x-axis intercepts of the regression line in Fig. 2 agree well with this theoretical consideration. It is conceivable that poor accommodative function in our myopic children was compensated for by the undercorrection of their spectacles. R 2 in this analysis was 17%-34%, indicating that this influence on lags of accommodation was not small.
This finding is compatible with the results of an experiment on progressive addition lenses (PALs) by Rosenfield et al. 22 They demonstrated how the near-addition power of PALs, which actually corresponds to spectacle undercorrection in myopes, influences lags of accommodation. They measured accommodative errors while sequentially giving lenses with different powers to the same subject. Although their subjects were not limiting to myopes and had no accommodative error with fully correcting spectacles (base- line), the more near-addition power was applied, the more lead of accommodation appeared for a near target.
If a lag of accommodation accompanying near-work causes myopia progression, undercorrecting spectacles potentially slow the progression because they reduce the accommodative lag. Coincidentally, Tokoro et al. 23 reported that the myopia progression rate was faster in children provided with fully correcting spectacles than in those with undercorrecting ones. Differently from PALs, which were found to slow myopia progression to some extent in a randomized clinical trial, 7, 8 undercorrecting spectacles induce retinal blur during distance viewing. Recent research claimed that a "myopic" focal error elongates the axial length similar to a hyperopic one. 24 Thus, we cannot conclude that undercorrecting spectacles themselves are also effective in myopia control.
Relationship Between Near-Point Heterophoria and Lag of Accommodation
In the EOM group, the larger the near-point exophoria, the greater the accommodative lags became. This result is consistent with those of a previous study of myopic children. 25, 26 Our previous study in adults found a slightly smaller mean lag of accommodation under binocular viewing conditions than under monocular viewing conditions. 15 This result can probably be attributed to near-point exophoria: the subjects had a mean near-point exophoria of 5.6 prism diopters and needed convergence to obtain binocular single vision, which enhances the accommodative response via the convergence accommodation to convergence (CA/C) linkage.
14 Similarly, a subject with esophoria needs divergence, which reduces the accommodative response and thus increases lags of accommodation. However, the R 2 value in this analysis (9%) suggests that the influence of near-point esophoria on accommodative lags is small when compared with that of spectacle undercorrection in children.
In conclusion, also under binocular viewing conditions, myopic children showed poor accommodative responses to near targets and large lags of accommodation beyond the focal depth of the eyes when their refractive error was fully corrected. However, the lags of accommodation in the myopic children were usually reduced to the level found in the emmetropic children by spectacle undercorrection.
